. 2001. Genetic progress from 40 years of orchardgrass breeding in North America measured under management-intensive rotational grazing. Can. J. Plant Sci. 81: 713-721. There has been considerable activity in breeding orchardgrass (Dactylis glomerata L.) cultivars in North America during the latter half of the 20th century. The objective of this study was to determine if genetic improvements in the North American orchardgrass germplasm pool have been realized or can be detected under management intensive grazing. Forty-three orchardgrass cultivars, in three maturity groups, representing adapted North American germplasm and potentially unadapted European germplasm, were evaluated under management-intensive rotational grazing at two locations in the northern USA. Cultivar means varied for apparent preference and this variation was largely due to herbage availability at State College, PA, where grazing pressure was relatively high, but to other factors at Arlington, WI, where grazing pressure was relatively low. North American cultivars tended to have higher net herbage accumulation than European cultivars, corresponding well to differences in forage yield of hay plots. Orchardgrass cultivars that were significantly higher in hay yield than their predecessors showed mixed results with respect to net herbage accumulation under grazing: some increases, some decreases, and some with no change. These results indicate that an individual orchardgrass cultivar can be well adapted to both management systems, only one of the two systems, or neither system. Genetic increases in net herbage accumulation may occur serendipitously, but directed selection for specific traits that confer productivity under grazing, or net herbage accumulation per se, will probably ensure a higher probability of success for an orchardgrass breeding program directed to pastures. ) a fait l'objet de travaux de phytohybridation considérables en Amérique du Nord au cours de la deuxième moitié du vingtième siècle. L'étude devait établir si on a réussi à améliorer le matériel génétique nord-américain de l'espèce et si cette amélioration peut être décelée en régime de paissance intensive. Les auteurs ont divisé 43 cultivars de dactyle pelotonné représentant l'adaptation du matériel génétique nord-américain en trois groupes selon leur précocité puis les ont évalués dans un régime rotatif de paissance intensive à deux endroits, dans le nord des États-Unis. La préférence des animaux pour les cultivars varie en moyenne, mais cette variation résultait dans une large mesure de la fourniture d'herbages au State College (Pennsylvanie), où le taux de charge des pâturages était relativement élevé; à Arlington (Wisconsin), où le taux de charge était assez faible, la variation résultait d'autres facteurs. Les cultivars nord-américains se caractérisent par une accumulation nette d'herbages supérieure à celle des cultivars européens, ce qui est cohérent avec l'écart du rendement fourrager sur les parcelles récoltées. Les cultivars produisant significativement plus de foin que les variétés parentes donnent des résultats mitigés au niveau de l'accumulation d'herbages en régime de paissance (hausse, baisse ou aucune variation, selon le cas). Les résultats indiquent qu'un cultivar peut être adapté aux deux régimes d'exploitation, à un seul ou à aucun. La hausse nette de l'accumulation d'herbages attribuable à l'amélioration génétique peut se produire par hasard, mais la sélection de caractères spécifiques en mesure d'accroître la productivité en régime de paissance, ou l'accumulation d'herbages nette, augmentera les chances de succès d'un programme visant à améliorer la qualité du dactyle pelotonné pour la paissance.
Orchardgrass (cocksfoot) is a widely grown perennial forage grass used for both hay and pasture in North America. It is grown in 45 of the 48 contiguous United States (van Santen and Sleper 1996) and in all Canadian provinces (Lawrence et al. 1995) and is adapted to a wide range of habitats, including humid climates and irrigated dryland climates. It was introduced into Virginia about 1760 (Beddows Although it was extensively tested in the early part of the 20th century, it did not gain wide acceptance in North America or Great Britain until the 1930s (Beddows 1968) . Breeding programs began almost simultaneously in Great Britain and Canada in the 1930s and slightly later in the USA (Beddows 1968; Lawrence et al. 1995; van Santen and Sleper 1996) . This was about 30 to 40 yr after the initial reports of both North American and European breeding programs in other forage grasses, such as timothy, Phleum pratense L., and smooth bromegrass, Bromus inermis Leyss. Orchardgrass breeding programs on continental Europe were most likely initiated before the British programs (Beddows 1968) . The sensitivity of some orchardgrass germplasm to early spring frosts may have delayed interest in developing orchardgrass breeding programs in North America.
Initial breeding efforts followed one of three general approaches: ecotype selection in Great Britain (Stapledon 1928) , mass selection in Canada (Lawrence et al. 1995) , or clonal breeding in the USA (Alderson and Sharp 1994) . Despite the different approaches in these three countries, the overall approach followed a central theme: using natural selection to help identify superior germplasm. The initial British approach relied largely on identification and multiplication of superior existing natural strains. The Canadian mass selection programs focused largely on harvesting seed from plants that had survived severe winters. American breeding programs largely relied on making large collections of clones from old pastures and hayfields, screening these clones in uniform nurseries, and creating synthetic cultivars from a small group of selected clones. By the 1950s, as sufficient germplasm and information exchange between British, continental European, Canadian, and American scientists had occurred, orchardgrass breeding programs from most countries began to mirror each other (Alderson and Sharp 1994; Lawrence et al. 1995) .
At least 51 orchardgrass cultivars were bred and released in North America between 1955 and 1997 (Table 1; Jung and Baker 1985; Alderson and Sharp 1994; Lawrence et al. 1995; van Santen and Sleper 1996) . With post-World War II mechanization of agriculture, nearly all of these cultivars were developed using mechanical harvesting systems, ultimately for use in hay management systems. Several cultivars were developed by collection and selection amongst plants from old pastures. However, specific performance under grazing management was never a criterion for release or recommendation of these cultivars, insofar as reported in cultivar registrations.
Grazing management systems impose unique stresses to forage plants, which cannot be duplicated by mechanical harvesting systems (Hart and Hoveland 1989) . Therefore, progress achieved by breeding orchardgrass for superior adaptation and agronomic performance under hay management may not necessarily be realized under grazing management. Different management practices, such as hay vs. management intensive rotational grazing (MIRG), can alter sward traits such as crop growth rate, tiller density, or leaf area index, drastically altering the ranking of cultivars for production traits such as forage yield (Papadopolous et al. 1995) . These authors concluded that orchardgrass cultivars differed in their adaptation to MIRG and that this information could not be predicted from cutting trials.
Previous research has shown that, under hay management, North American orchardgrass cultivars possess superior adaptation to North American environments, compared to European cultivars (Casler et al. 2000) . Additionally, forage yield has increased by up to 2.5% per decade between 1955 and 1997 and by greater amounts within individual breeding programs (Casler et al. 2000) . The objective of this study was to determine if these two improvements in the North American orchardgrass germplasm pool have been realized or can be detected under MIRG.
MATERIALS AND METHODS
Forty-two orchardgrass cultivars (Table 1 ) and 27 experimental populations were included in these field experiments, although results from the experimental populations are not reported here. All cultivars or experimental populations were classified into early, medium, or late maturity classes on the basis of (1) prior information from forage tests in Wisconsin between 1981 and 1993 or, when this information was not available, (2) information from the owner or breeder. The latter criterion was used only when necessary because this information typically derives from maturity ratings in seed production environments or managements and may not reflect relative maturity in forage environments or forage management systems (Barker et al. 1997) .
Cultivars were chosen solely based on seed availability. The study included 32 of the 41 cultivars released in North America between 1955 and 1997 for which seed is still commercially available (Table 1) . Sorted by decade, the study included all four cultivars from 1955 to 1959, four of six from 1960 to 1969, six of nine from 1970 to 1979, all nine from 1980 to 1989, and nine of 13 from 1990 to 1997. A chisquare test for independence (χ 2 4 = 2.53, P = 0.69) indicated that the probability that any cultivar was included in the study was independent of its decade of release. Thus, the sample of cultivars was random with respect to year of release. A random sample of 10 European cultivars was included as representative of improved, but potentially nonadapted, germplasm.
Each group of cultivars and experimental populations was planted in April 1994 at Arlington, WI, USA, or August 1994 at State College, PA, USA. Soil types were: Plano silt loam (fine-silty, mixed, mesic, Typic Argiudolls) at Arlington and Hagerstown silt loam (fine-loamy, mixed, mesic, Typic Hapludolfs) at State College.
Germination was tested for each cultivar according to the procedures of Everson and Hotchkiss (1977) . Each cultivar was seeded on a pure live seed basis at a rate of 13.4 kg ha -1 . Sub-plot sizes were: 0.9 × 3.0 m for Arlington and 0.9 × 4.6 m at State College. Plots were clipped once or twice during the establishment year to control annual weeds.
Experimental Design
The experimental design for each group was a modified augmented design (Lin and Poushinsky 1985) . This Can. J. Plant Sci. Downloaded from www.nrcresearchpress.com by 52.11.211.149 on 10/10/19
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involved creating a base Latin square design for each experiment (6 × 6 for the medium group or 5 × 5 for the early and late groups). Each unit of the Latin square was a whole plot of three sub-plots bordering each other on their long sides (Casler et al. 2000) . Each sub-plot was planted to an individual cultivar. For each group, either five or six cultivars were arbitrarily designated as check cultivars (Table 1) . Check cultivars were planted to the center sub-plot of each whole plot in the Latin squares. The remaining sub-plots were planted to other cultivars or experimental populations. The number of replicates of each cultivar varied considerably, based only on availability of pure live seed (Table 1) .
Balance in the number of replicates per cultivar was sacrificed to obtain an identical experimental design and number of replicates among locations for ease of statistical analysis across locations. The modified augmented design was chosen because of the extreme imbalance in the number of replicates per cultivar and its potential for control of spatial variation.
Grazing Management -Arlington, WI Grazing was conducted by maturity group, beginning with the early group when the average aboveground dry matter was approximately 2 Mg ha -1 , determined visually based on For personal use only. previous experience. Grazing events were generally conducted in mid-May, early June, early July, late August, and mid-October of 1995-1997. Available forage was predicted with a 0.2-m 2 rising-plate meter placed at three random points per plot. Plate height above the ground was converted to a measure of available forage from a pre-existing calibration . Occasional samples clipped from each experiment, according to the procedures of Casler et al. (1998) , were used to validate and update the calibration for this experiment, using statistical procedures of Shenk and Westerhaus (1991) . Calibration and validation statistics were: R 2 cal = 0.65, SEPC = 0.05 Mg ha -1 , r 2 val = 0.71, SEPV = 0.06 Mg ha -1 .
Plots were grazed with dry dairy cows and heifers. Mean stocking density was 300 to 400 animals ha -1 for 2 to 4 h, depending on the animals' appetites. Grazing proceeded until the animals' appetites were satisfied and they became lethargic. Rising-plate height was measured on the residue of each plot as described above. Post-grazing rising-plate height measurements were converted to estimates of available forage using the same calibration as described above. Pre-and post-grazing calibrations were found to be homogeneous . Following each grazing event all plots were mowed to a uniform 7-cm stubble height to equalize each plot for the next growth cycle.
Nitrogen fertilizer was applied as follows: 40 kg N ha -1 in early spring and after each of the first four grazing events, for a total of 200 kg N ha -1 . Applications of P and K were made according to results from soil tests. Soil pH was maintained above 6.5 and available P and exchangeable K were maintained above 85 and 350 kg ha -1 .
Net herbage accumulation for each grazing season was computed as the sum over all grazing events. Apparent preference was computed as: 100 × [(pre-graze forage availability) -(post-graze forage availability)]/(pre-graze forage availability).
Grazing Management -State College, PA The experiment was grazed when the average aboveground dry matter was approximately 2.4 Mg ha -1 , as determined by an electronic capacitance meter ("Pasture Probe," Mosaic Systems Ltd., Palmerston North, NZ). Grazing was by orchardgrass maturity group, beginning with the early-maturity group, and continued in each maturity block until the average aboveground dry matter approached 1.2 Mg ha -1 . Plots were grazed with beef cow-calf pairs. Mean stocking density was 150 animal units ha -1 (1 cowcalf pair = 1 animal unit). Following each grazing cycle, the entire area was mowed to a uniform stubble height of approximately 7 cm. The duration of each grazing cycle was similar to that at Arlington, but grazing was conducted only in 1996-1997.
The electronic capacitance meter was used to predict aboveground dry matter of each plot, using a factory calibration. Three capacitance measurements were made at random points on each plot at each measurement date. Pre-and post-grazing measurements were taken, and net herbage accumulation and apparent preference were computed, as described for the Arlington site.
Nitrogen fertilizer was applied as follows: 60 kg N ha -1 in early spring, 30 kg N ha -1 after each of the first two grazing events, and 30 kg N ha -1 in late August prior to the last growth cycle, for a total of 150 kg N ha -1 . Soil pH was maintained above 6.5, available P and exchangeable K at 78 and 335 kg ha -1 , respectively, according to soil test recommendations.
Statistical Analysis
All data were analyzed by generalized-least-squares analysis of variance according to the modified augmented design model ( Table 2 ). The Latin square portion of the analysis (Rows, Columns, and LS Residual in Table 2 ) was computed from the 25 or 36 center plots of each whole plot, while sums of squares for cultivars and the sub-plot residual were computed from an analysis of adjusted sub-plot values (Lin and Poushinsky 1985) . Sub-plot values were adjusted using Lin and Poushinsky's Method 1:
where X ijk = the observation of the kth sub-plot in the ith row and the jth column, R i = the mean of check plots in the ith row, C j = the mean of check plots in the jth column, and M ... = the overall mean of check plots. Thus, each sub-plot within a whole plot was adjusted according to the row and column means corresponding to its center plot. Adjusted plot values were also used in a combined analysis of variance over years and locations, using the split-plot-in-time model (Steel et al. 1996) . All effects were assumed to be random. The relative efficiency of the design was computed for the Latin square subset of plots, using separate computations for row and column blocks (Steel et al. 1996) .
Contrasts were used to test differences among cultivars related to breeding history and pedigree. The mean of all North American cultivars was compared to the mean of the respective non-cultivated germplasm pool for each maturity class, as an overall measure of breeding progress. North American cultivar means were regressed on year of release to test linear changes in cultivar means between 1955 and 1997. Additional measures of progress were available from subsets of cultivars within the Farmer's Forage Research Nordic (1991 ) and AC Splendor (1992 ) vs. Rideau (1963 , the cultivar from which they were selected]. North American and European cultivar means were compared to test the difference between random groups of improvedadapted and improved-non-adapted germplasm. All contrasts were weighted for differences among cultivars in the number of replicates.
RESULTS AND DISCUSSION

Experimental Design
Row blocks in the Latin square portion of the modified augmented design showed a range in relative efficiency for net herbage accumulation of 107-203% among locations and maturity groups, with a mean of 131%. Column blocks in the Latin square portion of the modified augmented design showed a range in relative efficiency for net herbage accumulation of 93-142% with a mean of 112%. Row and column block relative efficiencies were positively correlated (r = 0.56), indicating that spatial variation, were it occurred, tended to occur in both directions simultaneously. A randomized complete block design would have been less effective for measuring net herbage accumulation at both locations. Spatial variation was greater for net herbage accumulation in both directions than for forage yield of hay plots (Casler et al. 2000) . Spatial variation did not occur for apparent preference, as most relative efficiencies were near 100%.
Cultivar Variation and Grazing Pressure
Cultivar means were significantly different for both net herbage accumulation and apparent preference within all three maturity groups (P < 0.01). Cultivar × location interactions were significant (P < 0.01), so all results are presented separately for the two locations. Cultivar × year and cultivar × harvest interactions were also significant (P < 0.01) at both locations. However, there was no apparent structure to the covariances among harvests or years, indicating no general pattern to the cultivar × harvest or cultivar × year interactions. Furthermore, there were no seasonal or year-to-year trends to the contrasts of cultivars, indicating that the cultivar × year and cultivar × harvest interactions represented more-or-less random variation with respect to the cultivar comparisons of interest. Therefore, all results are presented as means over years and means over harvests (for preference) or totals over harvests (for net herbage accumulation).
Net herbage accumulation was similar for the two locations, ranging from 6.91 to 9.26 Mg ha -1 for the three maturity groups at Arlington and 8.19 to 8.55 Mg ha -1 for the three maturity groups at State College. Apparent preference was dramatically different for the two locations, ranging from 28.2 to 39.2% for the three maturity groups at Arlington and 51.1 to 53.6% for the three maturity groups at State College. Thus, grazing pressure was almost twice as great at State College than at Arlington. This difference in grazing pressure was likely responsible for a difference in the relationship between apparent preference and net herbage accumulation (Fig. 1) . At State College, the phenotypic correlation between apparent preference and net herbage accumulation ranged from r = 0.89 to 0.96 and the linear regression of apparent preference on For personal use only. net herbage accumulation was significant (P < 0.01; Fig. 1 ). The more intensive grazing pressure at State College probably eliminated cultivar differences in apparent preference that were not due to forage availability per se. At this location, animals simply consumed more forage of those cultivars with the greatest forage availability. This result was similar to that from a test of 18 orchardgrass cultivars evaluated under management intensive grazing on three dairy farms in southern Wisconsin . Furthermore, this effect was relatively uniform among the three maturity groups, as indicated by homogeneity among the regressions (Fig. 1) .
Conversely, at Arlington, there was no relationship between apparent preference and net herbage accumulation, with r = -0.09 to 0.16 (Fig. 1) . Because differences among cultivars were significant for apparent preference within all three maturity groups, these differences reflect phenotypic variability among cultivars that was independent of forage availability at this location. Genotypic variation for apparent preference may be due to genotypic variation for traits related to forage nutritional value (Falkner and Casler 1998) , which show variation among these orchardgrass cultivars (Casler et al. 2000) . Siliceous dentations along the margins of orchardgrass leaves are known to reduce palatability (van Dijk 1959), but we do not know if this trait varies among cultivars in this study. The difference in grazing pressure between locations did not affect the variance or range among cultivar means for apparent preference or the P value from the F test for cultivars (Fig. 1) . Thus, there were at least two mechanisms that created variation in apparent preference among orchardgrass cultivars -variation in forage availability per se and variation in unknown factors, possibly including factors related to forage nutritional value and/or leaf texture. The relative importance of each mechanism was most likely influenced by differences in relative grazing pressure at the two locations, which may be due to differences in grazing units between locations (dairy cows and heifers vs. beef cow-calf pairs).
Comparisons Among Cultivars
The precision with which cultivars could be compared was lower for net herbage accumulation compared to forage yield measurements of hay plots (Table 3) . Coefficients of variation (CV) for net herbage accumulation were more than double coefficients of variation for hay yield at Arlington, while this difference was smaller at State College. The consistently lower CV at State College suggest that the electronic capacitance meter may be a more precise mechanism of estimating net herbage accumulation than the rising plate meter. Although this observation may have been due to some other difference between locations, it is similar to observations made by Murphy et al. (1995) .
North American cultivars tended to have higher net herbage accumulation than European cultivars within all maturity groups (Table 4 ). The superiority of North American cultivars over European cultivars for net herbage accumulation (2, 4, and 8% increase for early-, medium-, and late-maturity groups, respectively) corresponded surprisingly well to observations for forage yield of hay plots (2, 9, and 12% increase for early-, medium-, and late-maturity groups, respectively; Casler et al. 2000) . Statistical significance for net herbage accumulation was considerably lower than for hay yield, as expected from their CV. There was also a significant interaction (rank change) of this comparison with locations. Despite the lower precision for net herbage accumulation compared to forage yield of hay plots, these results are consistent with the conclusions drawn from hay plots.
The comparison of North American vs. European cultivars includes both the effects of 200 yr of natural selection since the introduction of orchardgrass to North America, plus 40 yr of breeding in North America. These effects indicated the presence of genetic changes in adaptation within each maturity group, due to the combined effects of natural selection and breeding in North America. These adaptive responses were likely climate-driven, because they were reasonably consistent across the two management systems and across multiple locations in both studies [ Table 3 and Casler et al. (2000) ]. These adaptive responses did not result in differences in apparent preference, which were small or inconsistent between North American and European cultivars (Table 3 ).
All regressions of mean net herbage accumulation and apparent preference on year of cultivar release were not significant. Thus, contrary to observations for hay yield of the early-maturity group (Casler et al. 2000) , there have been no overall changes in these two traits during 40 yr of orchardgrass breeding in North America. This may reflect the fact that orchardgrass breeders have not utilized grazing methodology in their breeding programs, except for the occasional reports of selections made from old pastures ( Table 1 ). The value of selecting orchardgrass plants from old pastures has not been proven. Pasture types of orchardgrass are generally late maturing, densely tillering, and relatively prostrate (Stapledon 1928; Chopinet and Dujardin 1953; van Dijk 1955) , although there are exceptions to this generalization (Rebischung 1953) . However, genetic shifts toward this phenotype appear to occur very slowly in pastures. Detectable changes in the frequency of various growth habit classes were observed only for pastures 30 or more years old (van Dijk 1955) . Furthermore, this activity may actually be detrimental, as phenotypically desirable plants may appear so because they are preferentially ignored by animals and, thus, not subjected to selection pressure for adaptation to grazing, or worse, possess some trait that reduces their Papadopolous et al. (1995) provided the example of Juno orchardgrass, a cultivar derived from an intensively grazed pasture, but which was poorly adapted to grazing management and well adapted to hay management. Juno responded to grazing with increased tillering, but severe reductions in leaf area index and leaf dry matter yield. These authors concluded that high leaf area index below grazing height is a critical trait for orchardgrass cultivars to be adapted to rotational grazing management.
Differences between Benchmark and Hallmark, both from the FFR breeding program in Indiana, were inconsistent for both net herbage accumulation and apparent preference (Table 5 ). The 4% increase observed at Arlington, despite its lack of statistical significance, was nearly identical to that observed across three dairy farms in southern Wisconsin [P < 0.05, our calculations from data of Casler et al. (1998)] . From the same breeding program, both Rancho and Haymate were superior to their predecessor, Able, in net herbage accumulation at both locations and apparent preference at State College. The average increase in net herbage accumulation for these two cultivars was 19%, which was far greater than the 4.5% observed for forage yield of hay plots (Casler et al. 2000) . Three cultivars -AC Nordic, AC Splendor, and Shawnee -showed reduced net herbage accumulation at Arlington, but no change at State College relative to their predecessor (Table 5 ). For AC Nordic and AC Splendor, this result was inconsistent with their increase in forage yield of hay plots (Casler et al. 2000) . For Shawnee, this result was consistent with a 7% reduction in hay yield relative to Pennlate (Casler et al. 2000) and a 10% reduction in net herbage accumulation across the three southern-Wisconsin dairy farms [P < 0.01, our calculations from data of Casler et al. (1998) ].
These results suggest that Haymate and Rancho are broadly adapted to both management systems, AC Nordic and AC Splendor are preferentially adapted to hay management, and Shawnee is relatively unadapted to both management systems. Because there are numerous confounding factors that differ between breeding programs (e.g., selection method, selection pressure, selection criteria, germplasm, biotic factors, and edaphic factors), it is impossible to identify the reasons that Haymate and Rancho showed improvement under grazing, while AC Nordic and AC Splendor did not. Nevertheless, two obvious differences between the Indiana and Ottawa breeding programs were (1) selection pressure at multiple locations and (2) multiple selection criteria based on sward plots, both in the Indiana program. These routine practices of the FFR breeding program in Indiana may have contributed to the broad adaptation of Haymate and Rancho across the two forage management systems.
Rank correlation coefficients between hay yield estimates from Casler et al. (2000) and net herbage accumulation in this study ranged from 0.13 to 0.25 at Arlington (all P > 0.05) and 0.48 to 0.76 at State College (all P < 0.01). The Arlington values were similar to the rank correlation of (0.24) observed by Papadopolous et al. (1995, our calculations) for eight orchardgrass cultivars. These authors also concluded that some orchardgrass cultivars are broadly adapted to both rotational grazing and hay management, while others appear to be preferentially adapted to hay or grazing management. Studies of other perennial grasses show similarly low correlations of dry matter production between grazing and simulated grazing managements (Calder et al. 1970; Jones and Roberts 1986) .
Perennial grasses adapt to grazing management by increasing their tiller density and producing dry matter more uniformly over the growing season compared to hay managements (Orr et al. 1988; Papadopolous et al. 1995) . More uniform seasonal dry matter production requires a more uni- , where y = number of years (3 for Arlington, 2 for State College, or 5 for means across locations). †, *, ** Difference between means within a pair is significant at P < 0.10, P , 0.05, or P < 0.01.
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form growth rate throughout the season, which is dependent on adequate leaf area below grazing height. Selection for increased leaf area expansion rate can improve the seasonal distribution of dry matter under a hay management system (Sleper and Nelson 1989) . Orchardgrass cultivars differ in adaptive traits such as tiller density, crop growth rate, and leaf area index (Papadopolous et al. 1995 ) providing a foundation for trait development to improve the adaptation of orchardgrass cultivars to rotational grazing management. These, and perhaps other, traits are responsible for differences in adaptation of orchardgrass cultivars to these two management systems.
Selection for forage yield and agronomic traits has resulted in numerous gains under hay management, but correlated responses under grazing management cannot be expected and should be regarded largely as serendipitous. Breeding orchardgrass cultivars for use in rotational grazing systems requires directed selection programs, based on structural or physiological trait development or direct selection for dry matter production in a grazing management system. Selection of surviving orchardgrass plants from old pastures may yield useful germplasm, but this method, by itself, is not likely to result in long-term improvements in pasture production. Table 4 and appropriate n from Table 1 . *, ** Cultivar mean is significantly different from the older from which it was derived or was meant to replace at P < 0.05 or P < 0.01.
